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1 - INTRODUCTION 



Recently some attention has been devoted to new formulations M~[ 14 ] of 
superparticles, Green-Schwarz superstrings and, in general, super-branes that in- 
volve twistor-like t 15 l or harmonic variables t 16 ^. The motivation of these attempts 
is the hope to clarify the role of the ^-symmetry in these models and to have some 
insight on the problem of their covariant quantization. 

In particular, the twistor-like approach, with manifest world manifold su- 
persymmetry, first proposed by Sorokin et al. M f or superparticles in D=3,4, 
has been worked successfully for cr-models of superparticles ®, heterotic strings 
[4]> [5]> [7]> [9] i n D=3,4,6,10 and supermembranes t 12 ^ in D=ll. Moreover type II su- 
perstrings have been considered by Chikalov and Pashnev t 10 ' in D=4 with (1,0) 
world sheet supersymmetry and by Galperin and Sokatchev I 11 ! in D=3 with (1,1) 
world sheet supersymmetry. Recently a formulation of heterotic string with both 
Virasoro constraints solved in twistor form has been presented t 13 '. The approach 
of ref. [12] has been also extended to other p-branes by Bergshoeff and Sezgin ^ 14 \ 

The target space background of these cr-models fulfils the same constraints 
that implement the K-symmetry in the standard formulations. In particular, for 
superparticles, D=10 heterotic strings and D=ll supermembranes, these back- 
ground constraints force the SYM and/or SUGRA background to be on shell. 

Moreover the embedding of the d-dimensional world supermanifold into 
the D-dimensional target superspace is restricted by the "twistor constraint": 
the components of the pull-back of the vector supervielbeins along the fermionic 
directions of the world supermanifold tangent space vanish. 

Thank to these background and twistor constraints, the background two 
superform B which is present in these models, exhibits a remarkable property, 
called Weyl triviality. This property is crucial to get actions with a manifest, 
world manifold n-extended local supersymmetry. This supersymmetry replaces 
n-components (and therefore provides a geometrical meaning) of the ^-symmetry 
of the standard formulations. 

In this paper we pursue the program of the twistor-like approach by present- 
ing a twistor-like classical action for the D=10, type IIA, superstrings cr-model. 
Our action exhibits left-handed and right-handed, n-extended, world-sheet local 
supersymmetry where 3 < n < 8 and is classically equivalent to the standard G.S. 
action. 

For our purposes, twistors are just commuting Majorana spinors, A, (Weyl- 
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Majorana in D=10) in a space-time with Minkowski signature. Their usefulness 
in twistor-like models is mainly due to the fact that in D=3,4,6,10 dimensions, 
the vector v- = XT-X is automatically light-like. This follows from the cyclic 
identity of the T-matrices in these dimensions. So in the case of heterotic strings, 
the twistor condition Ez. = XT-X implies the Virasoro constraint £~£-a = (£j 
are the left-handed and right-handed components of the pullback of the target 
vector-like supervielbeins). If one tries to repeat the same strategy for type II 
superstrings one meets a difficulty. Indeed the twistor constraint in this case gives 

£± = XT-X + XT-X 

and a similar relation for St. Here A, A are two independent twistors (of opposite 
chirality for type IIA superstrings) so that the Virasoro constraints for £|: are not 
guar anted. In our model this difficulty is overcome by the same mechanism at 
work for D=ll supermembranes. The point is that the worldsheet metric induced 
by the target supervielbeins E— does not coincide with the metric specified by the 
preferred local frame where the n-extended worldsheet supersymmetry manifests 
itself. In other words the Virasoro constraints do not appear in this local frame 
but in a different one. 

The simplest way to get the correct constraints for the D=10, twistor- 
like, type IIA, superstrings is to perform a dimensional reduction of the D=ll, 
supermembrane model of ref. [12], along the line of ref. [17]. This is done in 
section 2. In section 3 we derive some useful identities that follow from these 
constraints and we show that the property of Weyl triviality is satisfied. Finally 
in section 4 we write the action and we prove that it is classically equivalent to 
the standard Green-Schwarz action. 

Our notations are these of ref. [12]. In particular we shall follow the con- 
vention of ref. [9] to use the same letters for the world manifold and target space 
indices and to make the distinction by underlining the target space ones. Moreover 
in order to distinguish between D=ll and D=10 quantities and/or indices we shall 
put a hat on the former. 

An appendix collects our conventions about T matrices in D=ll and their 
reduction in D=10 dimensions. 

2 - DIMENSIONAL REDUCTION 

The supermembrane superworld volume .M(3|2n) is described by the local 
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coordinates 



£M = m = 0, 1, 2; /x = 1, 2; g = 1, ...n 

where are grassmann variables. We shall also use the notation 

t ± = e±e e= P 

The superstring superworldsheet Ai(2\n, n) is the slide of Ai(3\2n) at p = 0. 
The dimensional reduction of the worldmanifold is obtained by restricting all the 
superfields to be independent from p and by setting: 

e ± =e ± (C) (2.1a) 
g«a = e ,a (c) + ^afD^(() (2.1b) 

g ± = e -V-(0(d p + h(C)) (2.1c) 

where £ M = (£ ± ,V q ^)i ^ s the matrix (° J) (and a"' 3 is its inverse) and /i = 
e + h + + e~h- + e qa h qa . The one-superforms e A , (A = ±,_L,qa) and e A ,(A = 
±, qa) are the d=3 and d=2 supervielbeins respectively. Their duals are the vector 
superfields D ^ and Da- The d=2 torsion is 

T A = Ae A = de A + e B u B A 

where ub A is a connection of the structure group £0(1, \)®SO[n). With eqs. (2- 
1) and a suitable choice of the reduction-redefinition of the connections, the d=3 
constraints, as given in [12], give rise to the standard, d=2, torsion constraints: 

rr± _ qa J3 ± 

i — e e q a af3 

The expression of the torsion T qot will not be needed in the following and will not 
be reported here. It is only useful to recall the Bianchi identity 

e qa e^e^T qa ^ s5 a± 5 rs = (2.2) 

The supermembrane target superspace, Al(ll|32), is described by the local 
supercoordinates: 
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ZM = (X^,6»); m = 0,1...10; /2 = 1,...32. 

We shall write X 10 = Y and we shall identify Y with the world volume coordi- 
nate p. Moreover a Majorana spinor in D=ll decomposes in two Weyl-Majorana 
spinors in D=10 with opposite chirality. Then the string coordinates are 

^E(r,f,y m = 0,l,...9; //=1,...16 
and Z— = (Z— , y). We assume that all the background superfields do not depend 

on y. 

In D=ll the reonomic parametrizations of the torsion T— and of the in- 
curvature H = dB are given by 

X-a = E—E^-t^ (2.3a) 



H = E^E^E-E- 



; -(r M ) + E*EmE*F m (2.3c) 



The D=10 supervielbeins E A , the Lorentz superconnection B and the 
two-superform i? are obtained from the corresponding superforms in D=ll by 
dimensional reduction. To this end we restrict all the target superfields to be 
independent on Y and we set: 

E & = e -H2 (e& + I^rf^A^) - e^ 2 E^F§ (2.46) 
£1° = e 24> (E^ + dY) = e-' t> (A + e^e ± ) (2.4c) 

ha b - = Sla b - + Xa b - {2 Ad) 

tl 10 b - = X 10 b - (2.4e) 
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where 



B = dZ — dZ — -BjVMio 



(2-4/) 



E- = dZ^E%(Z) ; E^ = dZ^Ej[(Z) 
E^ = dZ^E%(Z) = (E^,Ea) 
A = e ^(E^-h) 



if} = if) + 3(f) 

X^ and X— = —X— are Lorentz covariant one-superforms, and (f>(Z) is the 
dilaton. 

One can see that a suitable choice of Xiq - and X a - and the identification of 
F& 1 ....a A and p—~ in eq. (2.3b) with higher components of the superfield 4>{Z) allow 
to bring to zero the flat components of the torsion and Lorentz curvature along 
E— . Of course the dimensional reduction is specified modulo a redefinition of the 
D=10 supervielbeins and Lorentz connection and the choice in eqs. (2.2)-(2.4) is 
taken to recover the standard D=10 constraints^ 18 !. They are: 

7^ = 2r| /3 ; T^ a/3 = 2Y^ (2.5a) 

Tfr a = -3 (<f A 2 - ^rf A d j) , (2.56) 

T— a = — 3 (o|Al</> - irf 7 r^A V) (2.5c) 

^aa^ = Taa^; = —T][- (2.5d) 

Tt = (2.5e) 

and all the other torsion and curvature components in the sectors of dimensions 
0, 1/2, vanish. One should notice that the torsion components in eqs. (2.5 a,b,c) 
fulfil the Bianchi identity: 
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Here and in the following, indices between round brackets (square brackets) are 
symmetrized (antisymmetrized) . 

The pullback of E— and E— are respectively 



E— = e+E^ + e~E^ + ^Ej + e qa Eq\ 



E— = e + Ef + e~E= + e qa E^ a 



>A = e+E$ 

Then from eqs. (2.1) and (2.4 a,b,c) one has 



E\ = e^Ej 



Ef = A A - E¥=e-+e* 
The twistor constraint for the supermembrane is 



E qa — 



and the spinor-like derivative of this condition gives 



E qa Y 



Jpq 



From eqs. (2.1) and (2.7) one gets 



Ej_ = 



(2.7) 



(2.8) 



Moreover eq. (2.7) gives for the superstring the expected twistor constraint: 



E qa = 



(2.9) 



and the spinor-like derivative of eq. (2.9) (i.e. eq. (2.8) restricted to D=10) yields 



5 qp E+ = (E ql T-E pl ) + (E ql T-E pl ) 



(2.10a) 



5 qp E°i = (E q2 Y-E p 2) + (Eq 2 T a E p 2) 



(2.106) 



= (E ql T±E p2 ) + {E ql T±E p2 ) (2.10c) 
However eq. (2.8), taken for a = 10, contains the further constraints 

(E {ql E pl) ) = 5 qp A+ (2.11a) 
(E {q2 E p2) ) = 5 qp A. (2.116) 

(E ql E p2 ) + (E p2 E ql ) = 5 qp e^ (2.11c) 

In conclusion as twistor constraints for the superstring we shall impose both eq. 
(2.9) and eqs. (2.11). They will be obtained through lagrangian multipliers by 
means of the action term: 

I {C) = f S P^Ef a + f eQ^ p ^(E qa E pP ) (2.12) 

J M ~ JM 

where Qf^p/S} j s symmetric in (oa), (p/3) and traceless with respect to g,p, and e 
is the superdeterminant of ef^. 

2 - RELEVANT IDENTITIES AND WEYL TRIVIALITY 

As shown in [12], in the case of the supermembrane the twistor constraint 
implies the remarkable identities 

V L)[ai] = 5 ™ V [ab] C 3 - 1 ) 



and 



V f V'M = ( 3 - 2 ) 

{qp)(ab) 



V { qP )ab^ = S qP e & b 6 Vdtf]j (3.3) 



where 



V Ui = \<"°t (3.4) 
Here q,p = 1, n; 3 < n < 8 and a, b = ±, _L. 
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Moreover 



is the metric induced by the target vielbeins E- in the tangent space of the world 
volume. We shall assume that this metric is non degenerate. 
Let us consider the projectors 

Q ± = \{i±t) 

where 



a ij c abc 

6y/det g 



(3.6) 



and let us write 



t)(±) = Q±v 

where v is a D=ll spinor. It is also convenient to split the T-matrices as 

r« = r| + rx 

where T= lives in the three dimensional subspace spanned by Ea and Tj_ lives in 
the eight dimensional orthogonal subspace. Notice that 

(0(±)r^(±)) = o = (v(±)rtv 

Eq. (3.3) is equivalent to the following condition 

(^"2^)) = o (3-7) 

that is 

<^E^TlE$ ) ) = (3.8) 

tf&£l&E$>) = (3.9) 

After dimensional reduction from D=ll to D=10, eq. (3.3) yields the iden- 
tities 



9 



(E q iT-Epl) — (E q iT-Epi) 



E- a = 



(E q2 T±E p2 ) - (E q2 r a E p2 )]E + a = S qp (-det g) 1 ' 2 . 



(3.10) 



(E ql T±E p2 ) + (E q2 T±E pl ) - (E ql T±E p2 ) - (E q2 T±E pl ) (A+E^ - A_E%) = 



(E ql T^E p2 ) + (E q2 T—E pl )^ E + aE-b = e^S qp (-det g) 1 / 2 
and eq. (3.7) gives 



(3.11) 



Here 



g ab = Eh} ajL E\ 



(3.12) 



(3.13) 



and 



E$ = Q ± E qa - E^ = Q ± E, 



with 



qai ^qa 



Q±= l_{l±E%E b -Ta k ) 



(3.14) 



2 (det g) 1 / 2 



(3.15) 



Moreover eqs. (3.2), (3.4), taken for a = b =_L and q = p together with eq. (2.11c) 
imply 



(E ql T±E q2 ) - {E ql T±E q2 )\ = 
so that, by taking into account eq. (2.10c), one has 

(E ql T±E q2 ) = = (E ql T±E q2 ) 



(3.16) 



(3.17) 



Of course these identities can be derived directly from the twistor constraints 
in D=10. 

Indeed let us consider the vector 
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= (E ql T^E ql )E. k + {E q2 Y^E q2 )E +b _ - \{E 2q T±E 2q ) - (E 2q T±E 2q )\ A+- 
- [(E ql T±E ql ) - (E ql r±E ql )]A_ 

(3.18) 

Then a straightforward calculation, which makes use of the constraints 
(2.10), (2.11) and of the T-matrix cyclic identity, allows to rewrite Vjf as 



V- - 

V q — 



(E ql E p2 ) + (E q iE p2 )] (E ql r±E p2 ) + Wf - Wf (3.19) 



where 



Wf = (^2^,2)^+6 - [(E 2q T±E 2q ) - (E 2q T-E 2q )]A 



+ 



From eq. (3.19), if q ^ p one has 



V q ~ = Wf - w p - 



so that, for g 7^ p 7^ r, 



and therefore V^ 1 = 0. Then, considering eq. (3.19) for q = p, one obtains eq. 
(3.17). Notice that in this derivation n is required to be > 3. 

An interesting consequence of eq. (3.17) is that the vectors 



L q± = a< ± (E qa T-E q p) 



(3.20) 



are proportional. Indeed they are light-like and moreover, from the cyclic identity 
and eq. (3.12), 



In the same way, also = (E q iT-E q i) and = (E q2 T-E q2 ) are proportional. 

Moreover the proportionality coefficients as well as the scalar products 
L^j_L q ± a are independent from q. This can be seen by expressing the metric 
components g ab in eq. (3.5) in terms of L^ ± , L^ ± . Indeed, from eqs. (2.10), L^ ± 
and Iq. are g-independent. 
Then we can write 
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Lf ± = a ± IA Lf ± = /3±L^ (3.21) 
and we can set, without restriction, \det A\ = 1, where is the invertible matrix 

It is also convenient to write det g in terms of these vectors. One gets 

-det g = (L-La) 2 (3.22) 

At this point, it is immediate to verify eqs. (3.10) and (3.11) and then to 
deduce eq. (3.12). 

Restricting ourselves to the case n = 8, let us notice that the 16x16 matrix 
EijV- = (E& )SL , E&l), is invertible. 

Indeed its inverse is F^ +)qa = [F^ )qa , p(+)<7««) wrie re 

F (+)qa - = ^(a a )^g ab E^E q )^ 
so that the projector can be rewritten as 

Q { : )1 = Ft )qa E^ (3.23) 

Now we are ready to prove Weyl triviality for the 2-superform B. 
Weyl triviality asserts that it is possible to modify B by adding to it a gauge 
and Lorentz invariant 2-superform K, 

B = B + K (3.24) 

in such a way that the differential of B restricted to the superworldsheet M. 
vanishes. In our case 

K = i-e+e" (E&r? - E^a a _ P ) Ef a EfRcBA (3.25) 

Using the twistor constraints and the SUGRA constraints for H, as well as 
eqs. (3. 10), (3.22), K can be rewritten as 

K = ^e+e-(-det g) 1 ' 2 = ^ d£ 2 (-det G) 1/2 (3.26) 

where 
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Gran — E m T]ab_E n (3.27) 

By taking the differential of eq. (3.25) (and using eq. (3.10)) one has 
1 



dK = 



{a+) a pe-e a q e^ - (a~) a ^ e«e^ (-det s) 1/2 + 



+e+e-e qa 



(E+E™ — E a LE+)r aa pEg a — (E^E-a — (E^E+^tJ 3 E qa p (3.28) 



To get eq. (3.28) one should remark that the contributions to dK involving the 
components T^ ri and T^^T^r of the worldsheet and target space torsions, van- 
ish. Indeed, if for instance one considers the term 

C = E^afA ri (E qa Y±E q ) 
which arise in the calculation of dK one gets 



C = E a _(E + Y a E ri ) + E a _cj^ T { s rijqajP (a + )p )5 L a + + E^E^E^T^Y^ 

and the second term vanish due to the Bianchi identities eqs. (2.2), (2.6). 
On the other hand the pull back of dB is 



S pq 



dB \ M = [^e qa e^{e + E% + e~ E^) [{E qa YaE p p) - (E qa Y aEpp) 



-e qa e+e 



E% ({E_TaE qa ) - {E_TaE qa )) - [{E + YaE qa ) - (£+r«£ ga ))] } 

(3. 

However, from eqs. (2.10), (3.21), (3.22) and the cyclic identity, one has 



M 

(3.29) 



{E qa YaE p p) - {E qoi YaE p p) = ±{-det g) 1/2 S qp (a±) ol/ 3 



so that the r.h.s. of eqs. (3.28) and (3.29) are equal and opposite and Weyl 
triviality is proved. 

4 - ACTION AND FIELD EQUATIONS 



It follows from Weyl triviality that the action 

1^ = a [ B 



(4.1) 
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is invariant under n-extended worldsheet supersymmetry. Here A4q is the slide of 
M. at r] qn = 0, the constant a is the string tension and 



B = B + j-e+e-e ab afE^E q ^H CBA (4.2) 

Indeed, if 5 e denotes the variation under the infinitesimal local supersym- 
metry transformation ( M — > ( M + t qa (C)e^ a and i e denotes the contraction of a 
(super)form with the vector e 9a e^,, one has 

5 £ B = di e B + i £ dB = di e B 

so that 5J^ = 0. 

The action 1^ must be added to the action I^ c > in eq. (2.12). Alternatively 
one can add to 1^ the action ^ 

I' {B) = [ P MN (B NM -d N Q M ) (4.3) 

JM 

where P MN are new, Grassmann antisymmetric, lagrangian multipliers. The local 
invariance, that follows from Weyl triviality, 

5 pMN = Q lA LMN^ 

A LMN being a Grassmann antisymmetric superfield, allows to gauge to zero all 
the components of P MN excepting the highest one ^I 19 ]. 

P m< = a(r] 2 ) n e me 

where 

v 2 = 

so that eq. (4.1) is recovered. 

In order to implement the worldsheet supervielbeins and torsion constraints 
one can add to the action 1^ + 1^ the further term 



/(T) = S M € ^ r ' P/3 ~ ° S/Ap ) + KPq " ^ eQa " ^ 

+ K b a (e b e a - 81) + K b (e h e*<*) + Kf{e pP e a ) 



+ 



(4.4) 
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Finally let us recall that by a shift of the lagrangian multipliers P" 9 , I^ B "> 
can be rewritten as 

/(*) = J d 2 i{e mn B mn + (-det G) 1/2 ) (4.5) 

and reduces to a form of the standard action of the G.S., type IIA, superstring, 
a-model. 

In conclusion the twistor-like formulation of the type II A, superstring a- 
model is described by the following action 



1 = J d ^[ e mn Bmn + i _ detG) i/2 ] + J e[pi a E^ a + Q^ a ^((E {qa E pP ))]+I^ 

(4.6) 

(Here P qa and Q{i a >pP} denote the shifted lagrangian multipliers). 
The relevant field equations are 

A qa P qa + ( V 2 rCa = (4.7) 



C(r%)a - A qce (Q^^E p ^) + (v 2 T£« = (4.8) 



P* a (T±E qa )2- - A qa (Q^ a ^Ef ) + ( v 2 y£- = (4.9) 



Pl a Ef+Q^^[(E b E p(3 ) + {E b E pf} )\ - A pP K { b qa ^ } = (4.10) 

Kf a =0 = K b a ; K\ a = (4.11) 
KT = A pP K^^ (4.12) 

where 

a 5I {B) 

cA = E RjzK = ° ( 4 - 13 ) 

are the standard superstring field equations. Moreover the only non vanishing 
components of Ki qa,p ^ are K+ ,pl * and K_' p2 ^ symmetric and traceless in q,p. 
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The action / is invariant not only under diffeomorphisms and n-extended 
local supersymmetry but also under the generalized superWeyl transformations 



e '± = e A ^e ± 



e '?« = e A(C)/2 e9a + e ± A ««^ 

supplemented with corresponding transformations of Da and a rescaling of the 
lagrangian multipliers. In addition I is invariant under the following local trans- 
formations of the lagrangian multipliers 

6 (i) pqa a = Ap(jA U<*.pPwS} (e^T^Ess) +... (4.14a) 



s (i) Q { q a,p/3} = A Ua, P ^,sS} \( EriT b Ess) _ ( Eri T b -E s5 ) 



+ 



(4.146) 



S (2)Q{qa,pf3} 



(4.14c) 



*< 3 >J*° = aJa^A^^ g^E fa _ 



+ 



(4.15) 



6 (4) Kr , P p = Ar7 A{^> 5 (cr fo )^(cr c )^ + .... 



(4.16) 



Indices between curly brackets are symmetrized and traceless and in particular 
j^{qa,pl3,r'y,s5} superfields symmetric in qa, p/3, rj, s5 and traceless in q,p,r,s,. 
The dots in eqs. (4.14a), (4.14c) and (4.15) denote suitable terms proportional 
to the gauge parameters A /s and/or Tq2pp- ^ ne invariance under (4.14) and 
(4.16) follows immediately from the cyclic identity and the torsion Bianchi identity 
respectively. That under (4.15) is less obvious. It encodes the fact that the spinor 
like derivatives of the components of the constraints (2.10) parallel to E aa and 
traceless in q, p and of the constraints (2.11) traceless in q, p are not new constraints 
but are fulfilled automatically once the constraints (2.9), (2.10), (2.11) are satisfied. 
This can be shown easy using eqs. (3.13) and (3.28). 

Coming back to the field equations (4.7)-(4.10), eq. (4.7) implies 



PT = A 



p/3 



(4.17) 
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Moreover from eqs, (4.8) and (4.9) one can see that the superfields A p pQX ia,p 
and Q{i a 'PP} have the same structure of the r.h.s. of eqs. (4.14) and (4.15) so 
that they can be gauged away. In addition eqs. (4.8) and (4.5) require that the 
vectors in eq. (4.17) are proportional both to L- and to L- so that they van- 
ish. Then eq. (4.10) together with eq. (4.16), allows to eliminate K% a ' p P as well. 
Now eqs. (4.7), (4.8), (4.9) reduce to the classical field equations of the standard, 
Green-Schwarz, type II A superstring cr-model 

£a = 



£^=0 = £^ 

It is worth mentioning that the components of the supervielbeins and SO(l, 1) <g> 
SO(n) connection are not independent dynamical variables. Indeed uja B can be 
expressed in terms of the supervielbeins by means of conventional torsion con- 
straints and the superdiffeomorphisms and the other local invariances allow to 
gauge away almost all supervielbeins components. Moreover the (derivatives of 
the) twistor constraints allow to express the remaining components such as the 
gravitino fields (as well as the higher components of the superfields Z M ) in terms 
of the leading components of the "higher" superfields and of the twistor fields. 

Let us conclude by noticing explicitly a fact already anticipated in the in- 
troduction. The induced metric 



g ab = E^r\abE\ 

is not diagonal and therefore the Virasoro constraints are not fulfilled in the frame 
where the n-extended supersymmetry is manifest. Nevertheless, it is easy to 
recover the frame where the Virasoro constraints hold recalling eqs. (3.20)-(3.22). 
Indeed eqs. (2.10 a,b) can be rewritten in the form 

(5) 

Then the required frame is 



e +\=A- 1 ( e+ 



e' I Ve- 



in this frame E'f = L- and E'z = L- so that 
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EfE' +a = = E'3E'_ 



—a 



However in this frame the worldsheet supersymmetry is hidden. 
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discussions and to E. Sezgin for useful comunications. 

Appendix 

In the target space the tangent Minkowski metrics fj^ in D=ll and rjab in 
D=10 are 



The Dirac matrices in D=ll are 32x32 matrices for which we shall choose the 
representation 



V00 = -fja'a' = -771010 = 1; VOO = -Va'a 



' = 1 



where 



a = (a, 10) ; a 



(0, a') and a' = 1, ...9 



'-=li6®r 2 ; 7- = {-i)l a ' <8>ri; 7 



= ili 6 ®r 3 ; 



(Al) 



where 77, /c = 1,2,3 are the Pauli matrices and the nine real 16® 16 matrices 7- 
satisfy the Clifford algebra. 

The real and symmetric T-matrices are defined as 



where C = —Hie <E> r 2 is the charge conjugation matrix. The T-matrices satisfy 
the cyclic identity 



(r^(f M )^ = 



and in the rapresentation (Al) are 
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Similarly, we define 

(f*i-^)^=(0*(7^"-7^ 1 C)^ 

In particular 

ra'b'_( 7 [«y]\ ffl , 10 _ / 7 fi' 0\ 

y _ 7 [o' 7 &'] o )> L —-\0 7 £ V 

A Majorana spinor in D=ll reduces in D=10 to a couple of Weyl-Majorana 
in D=10 with opposite chiralities: v- = (v— , Then from eqs. (Al)-(A3) 



( rab) -( (r^k^V rf oio, _f(r*)«£ o \ 
{ >&l ^(r^)^ o J ' 1 L >&i y o _(r a )^y 

(r-) Q/ 3 and (r~ )— - are the real and symmetric T-matrices in D=10, acting on 
chiral and antichiral spinors respectively. They satisfy the cyclic identities 

(r^(r„)^) = o = (r^(rv^) 

In the world manifold, the tangent Minkowski metrics in d=3 and r) a b 
in d=2 have again signature such that 7)00 = Voo = = 0, 1, 2 and a = 0, 1). 
We denote a a and a a the real and symmetric 'T-matrices" in d=3 and in d=2 
respectively (2x2 matrices in both cases). By choosing for the Dirac and charge 
conjugation matrices in d=3 the representation 

7° = t 2 ; 7 1 = -n; 7 2 = ^t 3 ; C = -ir 2 
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we have 



a = a = 1 . a l = a l = T3 . a 2 = a ± =ri 



Moreover we define 



so that 



i'V2 0\ _ / ^ 

° ' 00 J ; ° 1 v % 
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